The known diterpenoids horminone (1) and taxoquinone (2) as a mixture, and pure 6,7-dehydroroyleanone (7) were isolated from the aerial parts of not yet studied Salvia concolor Lamb. Although 1 and 2 are known, the 1 H Nuclear Magnetic Resonance (NMR) data of their acetyl derivatives 4 to 6 are only partially described. Moreover, the 13 C NMR data assignments for 4 and 6 show some inconsistencies and reveal better agreement with those we obtained for diastereoisomeric 3 and 5. Since stereochemical aspects were in doubt, it was considered as mandatory to unambiguously determine the absolute configuration of 3 to 6 using vibrational circular dichroism spectroscopy, which then allowed the complete 1 H and 13 C NMR chemical shift assignments of 4 to 6.
The genus Salvia (Lamiaceae) groups around 1000 species 1 from which 312 are found in Mexico. 2 Salvia concolor Lamb is a species distributed from southwest to central Mexico 3 for which phytochemical studies are not reported. Herein, we describe the isolation of the epimeric abietane diterpenoid mixture of horminone (1) and taxoquinone (2) , as well as 6,7-dehydroroyleanone (7) from the aerial parts of S. concolor, the configurational analysis of these compounds, and the Royleanones 1 to 3 and 7 have been isolated from different genera of the Lamiaceae family, [4] [5] [6] while 2 has also been described from species of the Taxodiaceae family. 7, 8 Some of these compounds exhibit antibacterial, [9] [10] [11] cytotoxic, 12 antiviral, 13 gastroprotective, 14 and antiparasitic 15, 16 activities. In 1958, it was reported that the yellow pigment from the roots of Inula royleana D.C. owed its color to a mixture of diterpenoid quinones which were named royleanones. 17, 18 The C-5 and C-10 configuration of these compounds was established by chemical correlation with the meroterpene ferruginol and, in the case of synthetic 1 to 3, the configuration at C-7 was determined by measuring the half-height width of the H-7 signal. 19 Preparation of mono-and diacetyl derivatives of epimers 1 and 2 allowed determination of infrared (IR) and electronic circular dichroism (ECD) spectra, and partial 1 H NMR assignment, 20 while acetylation of 7-acetoxyroyleanone, whose structure indeed corresponds to 7-O-acetyltaxoquinone (4), was described, and the complete 13 C NMR data assignment for mono-and diacetylated compounds was reported. 21 Column chromatography separation of the defatted hexanes extracts of the aerial parts of S. concolor gave a mixture of horminone (1), taxoquinone (2), and 6,7-dehydroroyleanone (7), which upon rechromatography allowed separation of 7 from the epimeric mixture of 1 and 2. The fractions containing the 1:1 mixture of 1 and 2 were combined and acetylated. The peracetylated reaction outcome, as evidenced by 1 H NMR measurements, contained diacetates 5 and 6, which upon chromatography on silica gel experienced partial hydrolysis at C-12 to yield small quantities of monoacetates 3 and 4, which upon reacetylation provided again 5 and 6.
A 13 C NMR data are wrongly assigned. The discrepancies between the reported and our values made as mandatory to confirm the absolute configuration (AC) of 3 to 6 using vibrational circular dichroism (VCD) spectroscopy.
The AC determination of compounds is more relevant when they have a pharmacological effect because AC has a direct influence on the drug selectivity in receptors. 23 The importance of knowing the AC of a molecule is not limited to pharmacology as it is also useful to investigate biosynthetic pathways 24 and can be useful as a criterion for taxonomic classification. 25 In this context, VCD has been consolidated as a reliable tool for the AC assignment of natural products. [26] [27] [28] [29] The AC assignment of 3 to 6 has started generating diastereoisomeric molecular models 5S,7R,10S and 5S,7S,10S in the Spartan 04 software. Molecular mechanics conformational searches were achieved using the Monte Carlo protocol, rendering 8 conformers for 4 within ΔE = 10 kcal/mol. All conformers were submitted to single-point energy calculation using density functional theory (DFT) at the B3LYP/6-31G(d) level with the same software to afford 4 conformers in a 2.3 kcal/mol energy gap which contribute with 99.3% of the conformational population. These conformers were optimized using DFT at the B3PW91/DGDZVP level of theory as implemented in the Gaussian'03 software. The 2 most stable conformers in a 0.31 kcal/mol energy window contribute to the total conformational population. The calculations reveal that the diterpene ring system is quite rigid, as conformers 4a and 4b (Figure 2) , showing the A-ring as a chair and the B-ring as a half-chair, mainly differing in the isopropyl group orientation, showing C-12−C-13−C-15−H-15 dihedral angles of +5.6° and −179.2°, respectively. The IR and VCD frequency calculations for 4a and 4b were done using the same level of theory and their ΔG = 0.32 kcal/mol difference was used as the criterion to obtain the weighted IR and VCD spectra (Figure 3 ), the corresponding thermochemical parameters being summarized in Table 1 .
Similarly, 6 also gave 10 conformers in a 10 kcal/mol energy window after MMFF94 search, which were reduced to 4 conformers in a ΔE = 1.24 kcal/mol window after single-point energy calculations. These 4 conformers remained through the complete calculation procedure and finally appeared in a 0.28 kcal/mol energy gap. As for 4, the ring skeleton is very rigid and 4 conformers arise from 2 isopropyl group orientations and two 12-O-acetyl group orientations. The C-12−C-13−C-15−H-15 dihedral angles for 6a, 6b, 6c, and 6d are +4.7°, +5.0°, -176.8°, and +176.7°, respectively, while the C-12−O-12−C(=O)−Me dihedral angles for 6a, 6b, 6c, and 6d are −162.5°, +164.1°, +161.6°, and −158.6°, respectively. The conformers are shown in Figure 2 , the IR and VCD spectra are shown in Figure 3 , and the thermochemical parameters are given in Table 1 . The same procedure was followed for 3 and 5 in order to obtain their weighted IR and VCD spectra (Table 1 ; Figures 3 and 4) . The conformational differences for the isopropyl and acetyl groups of 2 final conformers of 3 and 4 conformers of 5 were very similar to those observed for 4 and 6, respectively.
Although visual comparison of experimental and calculated IR and VCD spectra of 3 to 6 looks adequate ( Figures 3 and 4) , numerical data were obtained using the CompareVOA software, 30 which validates AC assignment ( Table 2 ). The validity of the comparison methodology is evidenced by cross-comparisons of the calculated and experimental spectra of 3 to 6 also shown in Table 2 .
Comparison of the VCD spectra of 3 and 5 with those of their diastereoisomers 4 and 6 revealed that they are phase sensitive regarding the C-7 stereocenter. Thus, 3 and 5 show negative bands at 1253 and 1240 cm −1 , respectively, while 4 and 6 show positive bands at 1259 and 1240 cm −1 , respectively. These bands are attributed, according to a GaussView software evaluation, to the C-7−O-7−C(=O)−Me asymmetric stretching, accompanied by CH 2 -6 and CH-7 asymmetric bendings.
Although some abietanes have been studied by ECD, 13 VCD is a quite superior approach for AC determination since it is a multiband methodology 26 instead relaying on a single Cotton effect.
Once the AC of 3 to 6 was secured, the H-2β, H-6β, and Me-18, respectively. The H-5α signal at δ1. 16 showed correlation with that at δ 0.92 thereby assigning Me-19. Some coupling constant values which can directly be extracted from the spectra are given in Table 3 .
Once the 1 H NMR signals were assigned, the 13 C chemical shifts follow trivially from HSQC and HMBC plots, the data being in Table 2 . The same strategy was applied for 3, 5, and 6, whose 1 H and 13 C NMR data are also summarized in Table 2 . In this paper, the AC of epimeric pairs of monoacetylated 3 and 4, and of diacetylated 5 and 6 abietane-type diterpenoids was confirmed using VCD, and the 1 H and 13 C NMR chemical shift assignments of 3 to 6 were done using one-and two-dimensional NMR experiments.
Experimental

General Experimental Procedures
Melting points were determined with an Electrothermal IA9100X1 apparatus and are uncorrected. Optical rotation was recorded in CHCl 3 using a JASCO DIP-370 polarimeter. 
Plant Material
The aerial parts of S. concolor Lamb were collected from La Marquesa, State of Mexico, in June 2015. A voucher specimen was authenticated by M.C. Ernestina Cedillo Portugal and was deposited at the Herbarium "Jorge Salas Espinosa," Universidad Autónoma de Chapingo, Texcoco, Mexico under voucher number 61066.
Isolation of Royleanones
Powdered dried aerial parts of S. concolor (212 g) were macerated with hexanes (3 × 4 L) for 3 days, filtered, and the solvent was evaporated under reduced pressure. The residue (43 g), dissolved in acetone, was kept at 4°C for 14 hours and filtrated to remove fatty materials. The filtrate was evaporated under reduced pressure to afford 13 g of residue which was column chromatographed on silica gel (Mesh 200-300, Natland International Corp.). Elution with hexane-AcOEt (9:1) gave 5 g of a mixture of horminone (1), taxoquinone (2), and 6,7-dehydroroyleanone (7). Rechromatography using the same polarity allowed separation of 7 (1.2 g) from the mixture of 1 and 2 (3.2 g).
Monoacetyl Derivatives
A mixture of 1 and 2 (114.1 mg) in pyridine (0.4 mL) and Ac 2 O (0.4 mL) was stirred at room temperature for 30 minutes, poured over ice-H 2 O, and extracted with AcOEt. The organic layer was washed with 10% HCl, water, aqueous 10% NaHCO 3 , and water, dried over anhydrous Na 2 SO 4 , filtered, and evaporated under reduced pressure. The peracetylated crude reaction mixture, as evidenced by 1 H NMR measurements, was column chromatographed using a hexane-AcOEt (49:1) mixture to afford 7-O-acetyltaxoquinone (4) (2 mg) and a mixture of 3 and 4 (109.4 mg). The monoacetate mixture was dissolved in MeOH and, after successive crystallizations by slow evaporation gave 13.2 mg of 3.
Diacetyl Derivatives
Solution of 3 or 4 (10 mg) in pyridine (0.2 mL) and Ac 2 O (0.2 mL) was treated as above for 0.5 hours to give 5 or 6, respectively, in quantitative yields. Table 3 .
Vibrational Circular Dichroism Measurements
Vibrational circular dichroism spectra were measured on a dual photoelastic modulator BioTools ChiralIR2X FT-VCD spectrophotometer operated at a resolution of 4 cm −1
. Chloroform-d 100% atom-D 0.14, 0.20, 0.13, and 0.14 M solutions of 3, 4, 5, and 6, respectively, were placed in a BaF 2 cell with a path length of 101 µm. Five 1-hour data blocks were added for each measurement. The baseline was corrected by subtracting the spectrum of the solvent acquired under the same conditions.
Computational Methods
Monte Carlo searches of 3 to 6 were performed using MMFF94 as implemented in the Spartan'04 software (Wavefunction Inc., Irvine, CA, United States). The single-point energy of each conformer was calculated using DFT with the B3LYP functional and the 6-31G(d) basis set. The selected conformers were submitted to further conformational optimization using DFT at the B3PW91/DGDZVP levels of theory using the Gaussian'03 software (Gaussian Inc., Wallingford, CT, United States). The IR and VCD frequencies' calculations were carried out at the same levels of theory. All minimum energy geometries were tested for the absence of imaginary frequencies, and . Calculated and experimental spectra were compared using the CompareVOA software (BioTools). 30 
